Nonlinear free energy relationships in Arc repressor unfolding imply the existence of unstable, native-like folding intermediates.
Under strongly denaturing conditions, the logarithm of the rate constant for dissociation/unfolding of the wild-type Arc dimer varies in a nonlinear fashion with denaturant concentration. To assess the unfolding/dissociation behavior under conditions favoring the native structure, we mixed Arc variants labeled with fluorescence acceptor or donor groups and used energy transfer to monitor the increase in heterodimer with time. Under the conditions of this experiment, the rate at which the heterodimer concentration approaches its equilibrium value is determined by rate of dissociation and unfolding of the protein. Using this method and traditional denaturant-jump experiments, rate constants for unfolding/dissociation were determined over a wide range of stabilizing and destabilizing conditions. In each case examined, plots of log(ku) versus denaturant showed significant curvature under strongly denaturing conditions, even though other kinetic experiments indicates that the unfolding/dissociation reactions remain largely two-state. This curvature can be explained most readily by a series of unstable intermediates in the unfolding pathway, with denaturant-induced changes in the kinetic step that is rate-limiting. Alternatively, curvature might result from Hammond behavior in which the structure of the transition state becomes more native-like as the stability of native Arc decreases with increasing denaturant.